Urokinase plasminogen activator (uPA) is a serine proteinase and has an important role in cancer invasion and metastasis: uPA bound to its receptor (uPAR) mediates mitogenic and migratory processes and the activation of growth factors ([@bib10]; [@bib14]; [@bib8]). Elevated levels of uPA and uPAR correlate with increased malignant behaviour and poor patient outcome ([@bib6]; [@bib12]). Preclinical studies conducted in different tumour models showed that uPA-inhibitors could effectively decrease tumour invasiveness as well as the number of metastases ([@bib2]; [@bib11]). Upamostat (WX-671) is the oral pro-drug of the active metabolite WX-UK1, a novel uPA inhibitor ([@bib11]); pharmacokinetic data on WX-UK1 and upamostat were collected in a total of 8 previous studies (WILEX AG, data on file). In head and neck cancer patients receiving upamostat in the 2 weeks before their scheduled surgery, WX-UK1 tissue levels exceeded the inhibition constant of WX-UK1 by 1.5--2-fold and were comparable for daily administration of both 200 and 400 mg upamostat ([@bib9]). In a trial of 149 patients with advanced pancreatic cancer, pre-treatment serum uPA levels were elevated in about 40% of patients and elevated serum uPA was associated with a shorter survival compared with patients with normal uPA levels ([@bib1]).

This randomised trial is the first to evaluate the efficacy and safety of an uPA inhibitor administered to cancer patients. Locally advanced pancreatic cancer (LAPC) was chosen for this small initial proof-of-concept study as upamostat and its active metabolite WX-UK1 demonstrated both anti-metastatic and anti-tumour activity in a CA20948 pancreatic adenocarcinoma rat model. In addition, an additive effect of a combination therapy of upamostat with gemcitabine was observed in the mammary tumour rat model BN472 (WILEX AG, data on file).

Patients and Methods
====================

Patient population
------------------

This study included patients with locally advanced, unresectable, non-metastatic, histologically or cytologically proven pancreatic adenocarcinoma (locoregional lymph nodes were not considered metastases). The assessment of surgical non-resectability was determined locally at each participating centre. Other inclusion criteria were age ⩾18 years, no prior (or concomitant) chemo- or radiotherapy, ECOG performance status 0--1 and adequate bone marrow, liver and renal function. All patients gave written informed consent before any study specific procedure. The study complied with the provisions of the Declaration of Helsinki and Good Clinical Practice Guidelines; it was registered at *ClinicalTrials.gov* (NCT00499265).

Study design and treatment plan
-------------------------------

This three-arm trial was an open, randomised, multicenter, proof-of-concept phase II study. Locally advanced pancreatic cancer patients were centrally randomised in a 1 : 1 : 1 ratio to receive either gemcitabine (1000 mg m^−2^ IV over 30 min weekly for 7 weeks in the first 8 weeks, followed by weekly gemcitabine for 3 weeks of a 4-week cycle; arm A), or combination therapy with the same dose and schedule of gemcitabine and a daily oral dose of either 200 mg (arm B) or 400 mg (arm C) upamostat. Dose selection for this study was based on previous preclinical data, on phase I data of WX-UK1 and upamostat in healthy volunteers and on clinical data obtained from two studies in head and neck patients receiving upamostat before surgery (Wilex AG, data on file; [@bib9]). In order to assess a potential dose-response relationship two dose levels of 200 and 400 mg upamostat daily were selected. Treatment duration was until disease progression or unacceptable toxicity. Pre-defined efficacy endpoints for this proof-of-concept study included objective response rate, time to first metastasis, progression-free survival (PFS) and overall survival (OS). We assumed that the s.e. of response rates in excess of 10% was in the order of 5--10% for a sample size of 30. Hence, a sample size of 90 patients, 30 patients per group, was chosen for this study.

Dose adjustments
----------------

Dose modifications were performed according to the recommendations of the summary of product characteristics of gemcitabine. No dose adjustments were permitted for upamostat. The patient was to be discontinued if toxicity was observed and reduction of gemcitabine did not lead to improvement.

Evaluation of efficacy and safety
---------------------------------

Computed tomography (CT) scans of chest and abdomen were performed at baseline and every 8 weeks. Computed tomography data were analysed centrally according to RECIST (version 1.0) by an experienced reader. Progression-free survival was measured from the time of randomisation until progression of disease as determined by a centrally evaluated CT scan, clinical evaluation or death. The population contributing to this endpoint therefore consisted of patients who had at least one CT staging following baseline. Overall survival was the interval between randomisation and death from any cause. The endpoint time to first metastasis was measured as the time from randomisation until development of metastasis (new lesions only) as determined by a centrally evaluated CT scan. Toxicities were graded according to the NCI Common Toxicity Criteria (NCI-CTCAE v3.0).

Statistical analysis
--------------------

All statistical tests were exploratory: categorical data were described using absolute and relative frequencies, continuous data were presented using descriptive statistics and time to event data were estimated by the Kaplan--Meier method.

Results
=======

Patient characteristics
-----------------------

A total of 95 patients from 29 centres were randomised between June 2007 and August 2008; 93 patients received study medication and were included in the safety population (see CONSORT diagram in [Supplementary Figure 1S](#sup1){ref-type="supplementary-material"}). Demographic variables according to treatment arm are summarised in [Table 1](#tbl1){ref-type="table"}.

Treatment duration and dose intensity
-------------------------------------

Data capture ended in December 2009 according to a protocol amendment. The main reasons for discontinuation of the protocol treatment were disease progression (*n*=45; determined either by CT imaging or by clinical progression as assessed by the local investigator), patient refusal (*n*=19), unrelated medical illness or complications (*n*=13) and unacceptable toxicity (*n*=4); no treatment-related death occurred. The median duration of gemcitabine treatment was 22 weeks for patients who received gemcitabine only, 16.6 weeks for patients who received gemcitabine +200 mg upamostat and 16.1 weeks for patients who received gemcitabine +400 mg upamostat. The gemcitabine exposure in the three treatment arms was comparable ([Supplementary Table 1S](#sup1){ref-type="supplementary-material"}).

Response and survival
---------------------

Detailed data on objective response, PFS and OS are summarised within [Table 2](#tbl2){ref-type="table"}. More patients achieved a partial remission as their best response with upamostat combination therapy (arm C: 35.5% arm B: 21.4% arm A: 15.4% these responses were not confirmed by a follow-up CT scan, as requested by RECIST). As pre-defined by the study protocol, OS was monitored until 75% of patients had died; the OS analysis was performed for the intention-to-treat population. At the time of final analysis, 75 of 95 patients (79%) had died. Median OS was 9.9 months in arm A, 9.7 months in arm B and 12.5 months in arm C ([Table 2](#tbl2){ref-type="table"}, [Supplementary Figure 2S](#sup1){ref-type="supplementary-material"}). During the course of protocol treatment and follow-up, the majority of patients progressed without having developed detectable distant metastasis. Events (occurrence of confirmed distant metastases) were observed in 4 (arm A), 6 (arm B) and 2 (arm C) patients only. Owing to the small size of evaluable cohorts, a calculation of the pre-defined endpoint time to first metastasis was not performed.

Toxicity
--------

Toxicity data are summarised within [Table 3](#tbl3){ref-type="table"}. The overall incidence of adverse events that were reported as possibly, probably, or definitely related to study treatment (i.e., related to either upamostat or gemcitabine) was higher among patients who received gemcitabine plus upamostat (83.3% in arm B, 84.8% in arm C) compared with patients who received gemcitabine (56.7% in arm A). The incidence of adverse events considered possibly, probably, or definitely related to upamostat was lower (43.3% for arm B, 51.5% for arm C) than the incidence of adverse events considered to be related to gemcitabine (83.3% for arm B, 84.8% for arm C). A grade 3/4 toxicity considered related to upamostat was reported for 7 patients in arm B and 5 patients in arm C.

Discussion
==========

The clinical evaluation of upamostat was confined to patients with LAPC in this proof-of-concept study as there is increasing evidence that LAPC and metastatic pancreatic cancer may represent different disease entities ([@bib13]). In past studies, however, addition of various chemotherapeutic agents to standard gemcitabine has not significantly improved OS. The OS in the gemcitabine reference arm of this study (about 10 months) is consistent with the OS results reported from other LAPC trials ([@bib4]). The combination of oral upamostat with gemcitabine showed a higher (although statistically non-significant) response rate and possibly also had an impact on the proportion of patients surviving at 1 year in the current study. Despite some early efficacy signs for upamostat regarding response rate and OS, upamostat had no effect on PFS. Of note, such an inconsistent observation for differences in PFS and OS in LAPC was also reported from the ECOG E4201 study: within this randomised trial, 74 LAPC patients were treated with either gemcitabine or a gemcitabine-based chemoradiotherapy ([@bib7]). Although patients treated with chemoradiotherapy had an improved OS (11.1 *vs* 9.2 months), no difference in PFS was detected (6.0 *vs* 6.7 months).

Interestingly, data from the present study indicate that the majority of patients progressed without evidence of distant metastasis: in only 4, 6 and 2 patients (arms A, B and C, respectively) distant metastasis was detected as the sign of disease progression. Thus, it cannot be ruled out that the pattern of metastatic spread is different in LAPC compared with initially metastatic disease or to a relapse after surgery. This observation is supported by data from an autopsy series where 30% of patients died with locally destructive pancreatic cancer without metastatic spread. The authors hypothesised that this phenomenon in LAPC may be based on a genetic basis of the *Dpc*4 status ([@bib5]): it currently is suggested that a loss of the tumour suppressor *Dpc*4 expression in increases the likelihood of developing widespread metastatic disease ([@bib3]). Regarding toxicities in the current study, the combination of gemcitabine and upamostat produced a higher rate of grade 3/4 adverse events compared with gemcitabine alone ([Table 3](#tbl3){ref-type="table"}). However, none of the reported reactions could be attributed exclusively to the use of upamostat and most events were attributable either to the underlying disease or the use of gemcitabine.

In summary, the combination of the novel uPA inhibitor upamostat with gemcitabine was safe and tolerated well. Although the differences in efficacy endpoints between the three treatment arms were not statistically significant, the data warrant a larger powered study to define the role of uPA inhibition in LAPC.

The authors wish to thank all patients and their families, nurses, study coordinators and investigators for their active participation in this multicenter study.
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###### 

Click here for additional data file.

###### 

Click here for additional data file.

###### Baseline patient characteristics

                                                       **Arm A: gemcitabine (*****n*****=31)**   **Arm B: gemcitabine+200 mg WX-671 (*****n*****=31)**   **Arm C: gemcitabine+400 mg WX-671 (*****n*****=33)**               
  ---------------------------------------------------- ----------------------------------------- ------------------------------------------------------- ------------------------------------------------------- ------ ---- ------
  **Gender**                                                                                                                                                                                                                 
  Male                                                 14                                        45.2                                                    20                                                      64.5   12   36.4
  Female                                               17                                        54.8                                                    11                                                      35.5   21   63.6
  **Age, years**                                                                                                                                                                                                             
  Median                                               59                                        67                                                      62                                                                  
  Range                                                48--77                                    48--81                                                  39--82                                                              
  **ECOG performance status**                                                                                                                                                                                                
  0                                                    5                                         16.1                                                    4                                                       12.9   8    24.0
  1                                                    26                                        83.9                                                    27                                                      87.1   25   76.0
  **Tumour localisation[a](#t1-fn1){ref-type="fn"}**                                                                                                                                                                         
  Head                                                 25                                        80.6                                                    28                                                      90.3   30   90.9
  Body                                                 5                                         16.1                                                    4                                                       12.9   5    15.2
  Tail                                                 0                                         0.0                                                     0                                                       0.0    0    0.0
  Periampullary                                        1                                         3.2                                                     0                                                       0.0    0    0.0
  **T staging**                                                                                                                                                                                                              
  T1                                                   0                                         0.0                                                     0                                                       0.0    1    3.0
  T2                                                   0                                         0.0                                                     1                                                       3.2    1    3.0
  T3                                                   11                                        35.5                                                    15                                                      48.4   14   42.5
  T4                                                   18                                        58.1                                                    15                                                      48.4   17   51.5
  TX                                                   2                                         6.5                                                     0                                                       0.0    0    0.0

More than one localisation possible.

###### Efficacy results: objective response rate, progression-free and overall survival

                                                      **Arm A: gemcitabine**   **Arm B: gemcitabine+200 mg WX-671**   **Arm C: gemcitabine+400 mg WX-671**
  --------------------------------------------------- ------------------------ -------------------------------------- --------------------------------------
  **Objective response by RECIST (*****n*****=85)**                                                                   
  *n*                                                 26                       28                                     31
  Partial remission                                   3.8%                     7.1%                                   12.9%
  Stable disease                                      84.6%                    75.0%                                  77.4%
  Progressive disease                                 11.6%                    17.9%                                  9.7%
  **Progression-free survival (*****n*****=85)**                                                                      
  *n*                                                 26                       28                                     31
  Median PFS (months)                                 8.2                      5.6                                    8.3
  95% confidence interval                             5.6--11.2                4.1--7.6                               6.5--11.3
  1 year PFS rate (%)                                 16.2                     22.5                                   26.9
  **Overall survival (*****n*****=95)**                                                                               
  *n*                                                 31                       31                                     33
  Median OS (months)                                  9.9                      9.7                                    12.5
  95% confidence interval                             7.4--12.1                8.4--17.1                              8.2--18.2
  1 year OS rate (%)                                  33.9                     40.7                                   50.6

Abbreviations: OS=overall survival; PFS=progression-free survival.

###### Safety results---all causality adverse events

                                         **Arm A: gemcitabine (*****n*****=30)**   **Arm B: gemcitabine+200 mg WX-671 (*****n*****=30)**   **Arm C: gemcitabine+400 mg WX-671 (*****n*****=33)**             
  -------------------------------------- ----------------------------------------- ------------------------------------------------------- ------------------------------------------------------- ---- ---- ----
  Patients with any grade 3/4 toxicity                                             43                                                                                                              57        67
  **Constitutional**                                                                                                                                                                                         
  Asthenia                               17                                        7                                                       37                                                      3    21   6
  Back pain                              0                                         0                                                       17                                                      0    9    0
  Oedema peripheral                      13                                        0                                                       13                                                      0    33   0
  Fatigue                                13                                        7                                                       10                                                      0    24   6
  Fever                                  27                                        0                                                       57                                                      7    39   0
  Loss of appetite                       10                                        0                                                       10                                                      0    15   6
  Weight loss                            33                                        0                                                       13                                                      0    24   3
  **Gastrointestinal**                                                                                                                                                                                       
  Abdominal pain                         40                                        14                                                      43                                                      3    58   6
  Ascites                                3                                         0                                                       10                                                      3    12   6
  Constipation                           10                                        0                                                       10                                                      0    9    0
  Diarrhoea                              13                                        3                                                       13                                                      0    12   0
  Nausea                                 20                                        0                                                       27                                                      0    33   0
  Vomiting                               17                                        0                                                       27                                                      0    21   3
  **Haematological/laboratory**                                                                                                                                                                              
  Alkaline phosphatase high              3                                         0                                                       10                                                      3    12   6
  Anaemia                                30                                        0                                                       27                                                      3    33   15
  Aspartate aminotransferase high        3                                         3                                                       3                                                       0    12   3
  Leucopenia                             3                                         3                                                       13                                                      7    15   0
  Neutropenia                            20                                        13                                                      30                                                      20   24   12
  Thrombocytopenia                       10                                        7                                                       3                                                       3    18   6
  **Others**                                                                                                                                                                                                 
  Dyspnoea                               0                                         0                                                       0                                                       0    24   0
  Hypertension                           0                                         0                                                       3                                                       0    12   0
  Nasopharyngitis                        0                                         0                                                       10                                                      0    0    0
  Rash                                   3                                         0                                                       10                                                      0    3    0

Reported by at least 10% of patients per arm.
